
In tro duc tion

Life his tory the ory pre dicts trade offs in al lo -

cat ing re sources to wards growth or re pro duc tion 

(Stearns 1992). Ungulates of ten al lo cate en ergy

to ward growth at youn ger ages. Al though males

may pro duce vi a ble sperm at 18-24 months, they 

typ i cally de lay re pro duc tion un til they reach

max i mum body and horn or ant ler size (Geist

1971, Clutton-Brock et al. 1982, Stew art et al.

2000, Fes ta-Bianchet et al. 2004). Fur ther more,

in most ungulates, horn or ant ler size in creases

with age (Geist 1971, Bowyer 1986, McCorquodale

et al. 1989, Bowyer et al. 2001).

Un like most other ungulates, pronghorns

Antilocapra americana (Ord, 1818) achieve

max i mum body size within 2 yrs (O’Gara 2004a). 

Pre vi ously, male prong horns were thought to

achieve max i mum horn size at age 4 or 5 yrs

(O’Gara 1990), but sev eral stud ies across the

spe cies’ range doc u mented a non lin ear re la -

tion ship be tween horn length and age in male

prong horns, with males in all stud ies at tain ing
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Prong horns Antilocapra americana (Ord, 1818), the sole mem ber of a
fam ily unique to North Amer ica, grow rap idly and re pro duce at an early age.
Re cent stud ies have found male prong horns can grow large horns by 2 to 3 yrs
of age. This pat tern con trasts with many other ungulates, and it has pro found
im pli ca tions for life his tory strat e gies. We ex am ine 5 hy poth e ses that might
ex plain precocial horn growth: (1) sam pling bias, (2) nu tri tion, (3) phylo -
gen etic in er tia, (4) re pro duc tive ben e fits con veyed by rapid horn growth alone, 
and (5) rapid horn growth as part of a suite of char ac ter is tics ac quired due to
precocial mat u ra tion. Hy poth e ses 1, 2 and 3 do not im ply any nat u ral se lec tion,
whereas hy poth e ses 4 and 5 do. We re ject hy poth e ses 1, 2 and 4, and we
can not eval u ate hy poth e sis 3. We con clude that hy poth e sis 5 most likely
ex plains precocial mat u ra tion in male prong horns, and mor tal ity re lated to
fre quent, se vere weather events may drive this pat tern. We sug gest sev eral
ex per i ments to fur ther ex am ine re la tion ships be tween age, size, and horn
growth.
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max i mum horn size by 2 to 3 yrs of age (Menzel

1980, Min 1997, Mitch ell and Maher 2001,

Brown et al. 2003, O’Gara 2004a). Many bovids

at tain max i mum body and horn size at the same

time, but un like prong horns, most bovids con -

tinue to grow af ter age 2 (eg Geist 1971, Fandos

and Vigal 1988, Pérez-Barbería et al. 1996,

Clutton-Brock and Pem ber ton 2003). We con sider

5 a pri ori hy poth e ses to ex plain this phe nom e non

of early horn growth in prong horns: H1. Early

horn growth is an ar ti fact of sam pling bias.

Hunt ers se lected for larger horned males of all

ages in all pop u la tions. Nat u ral se lec tion plays

no role in early horn growth; H2. Early horn

growth is a func tion of pop u la tion-spe cific

nu tri tion. Males in pop u la tions with abun dant,

high qual ity for age grow larger horns than

sim i larly aged males in other pop u la tions. Since

vari a tion is based on en vi ron men tal dif fer ences,

se lec tion plays no role in early growth; H3. Early 

horn growth is a prim i tive con di tion re tained

from an ces tral forms. Nat u ral se lec tion does not

in flu ence cur rent early horn growth; H4. Early

horn growth con fers fit ness ben e fits to male

prong horns. Thus, nat u ral se lec tion fa vors early 

horn growth, and H5. Early horn growth is part

of the over all mor pho log i cal pat tern of early

growth in prong horns. Horns grow rap idly

be cause, in gen eral, prong horns grow rap idly,

and such horn growth in curs no sig nif i cant

en er getic cost. Se lec tion op er ates on a suite of

char ac ter is tics, in clud ing early horn growth.

Meth ods

To eval u ate the 5 hy poth e ses, we used stud ies of wild

prong horn pop u la tions lo cated in Ne braska, Col o rado,

Montana, and New Mex ico, USA (Menzel 1980, Min 1997,

Mitch ell and Maher 2001, Brown et al. 2003). In ad di tion,

we used pre vi ously pub lished re ports of prong horn life his -

tory (re viewed in O’Gara 2004a, b, c, d).

Re sults

We re ject H1 – sam pling bias. All stud ies

sam pled prong horns rang ing from 1.5 to > 4 yrs,

and Ne braska har vests in cluded 50–60% year -

ling males (Menzel 1980). Whereas the pro por -

tion of young male prong horns with large horns

in the pop u la tion may not be iden ti cal to that in

the sam ple, young an i mals with small (24.8 cm)

and large (42.9 cm) horns oc curred in 3 of 4 pop -

u la tions ex am ined (Menzel 1980, Min 1997,

Mitch ell and Maher 2001, Brown et al. 2003; Ta -

ble 1). There fore, the fact that 2- to 3-yr-old male 

prong horns may, and at least some times do,

grow large horns is un equiv o cal. 

We also re ject H2 – nu tri tion. Al though the

horn length-age curves dif fer, the same ba sic re -

la tion ship oc curred within and be tween dif fer -

ent biomes with highly vari able an nual for age

pro duc tion (Mitch ell and Maher 2001, Brown et

al. 2003). Prong horn age and horn size data sets

con sid ered in this pa per were com piled from

shortgrass prai rie, semidesert grass land, and

406 C. D. Mitchell and C. R. Maher 

Ta ble 1. Mean ± SE (range) of horn sizes (mean of left and right horns) in age classes of male prong horns 
from Col o rado, Montana, New Mex ico and Ne braska. Ne braska data rep re sent weighted means from 3
years of sum ma rized data.

Population
Age class (years)

1.5 n 2.5 n 3.5 n 4.5 n

Colorado 17.3 ± 0.7  
 (16.6 – 18.0)

    2 30.7 ± 0.8
 (26.6 – 35.4)

  11
32.1 ± 1.3

 (26.4 – 37.5)
    8

33.8 ± 0.8
 (31.0 – 38.1)

    9

Montana 21.3 ± 2.7
 (16.5 – 25.8)

    3 32.9 ± 0.6
 (29.2 – 40.6)

  20 33.6 ± 0.6
 (22.9 – 40.5)

  32 33.8 ± 0.4
 (28.1 – 36.8)

  30

New Mexico – 39.3 ± 0.9
 (36.5 – 41.6)

    6 39.1 ± 0.8
 (33.0 – 42.9)

  15 38.3 ± 0.2
 (31.1 – 43.5)

117

Nebraska 18.7 ± 0.2
 (18.3 – 19.1)

309 30.3 ± 0.6
 (28.8 – 31.3)

241 34.1 ± 0.1
 (33.6 – 34.2)

119 34.3 ± 0.7
 (31.2 – 35.1)

118



shrub-steppe veg e ta tion com mu ni ties. In these

plant com mu ni ties, pre cip i ta tion ac cu rately pre -

dicts pri mary pro duc tiv ity, which in turn pre -

dicts stand ing crop bio mass (Begon et al. 1990).

Ex treme vari a tion in pre cip i ta tion oc curred

within (< 159–225%) and be tween (9–1188%)

study sites dur ing the sam pling pe ri ods (pre cip i -

ta tion data from http://www.wrcc.dri.edu/), yet

2–3 yr old males grew horns as large as males 4

yrs and older un der all con di tions. Pre cip i ta tion, 

pri mary pro duc tiv ity, for age qual ity, and sub se -

quently nu tri tion may play a role in horn growth 

(Mitch ell and Maher 2001), but the stage(s) of

prong horn life his tory at which these fac tors

man i fest them selves re mains un clear. 

We can not eval u ate H3 – phylo gen etic in er tia.

We do not have ac cess to suf fi cient fos sil ma te rial

to de ter mine whether an ces tral spe cies ex hib ited

the same pat terns of age and horn size re la -

tion ships as the sole re main ing mem ber of the

taxon. We en cour age other bi ol o gists to ex am ine 

mu seum spec i mens of ex tinct Merycodontinae

and Antilocaprinae for re la tion ships be tween

age, size, and horn growth pat terns.

We re ject H4 – fit ness ben e fits of rapid horn

growth alone. If males with larger horns re pro -

duce more suc cess fully, we would ex pect se lec -

tion for large horns re gard less of age. How ever,

males with large horns do not nec es sar ily

achieve higher mat ing suc cess or fit ness (Byers

et al. 1994). Al though male dis plays to ward fe -

males ac cen tu ate horn size, along with other

sec ond ary sex ual char ac ter is tics (O’Gara 2004b),

prong horn fe males do not al ways se lect males

with large horns as mates (Byers et al. 1994).

Rather, fe males se lect males “…not for size or an 

ir rel e vant dis play fea ture, but for ev i dence of

abil ity to sire vig or ous off spring…” (Byers 1997).

We be lieve H5 – precocial mat u ra tion – best

ex plains the ob served data. Male prong horns

grow rap idly and be come phys i o log i cally ma ture 

at 1.5–2 yrs of age (O’Gara 2004a). Al though

allometric equa tions dif fer phylo gen eti cally,

geo graph i cally, and tax o nom i cally, horn or ant -

ler size cor re lates pos i tively with body size or

mass in many bovids and cervids (Bubenik 1990, 

Geist 1998), and horn size in male prong horns

in creases with head size (Min 1997). Prong horns 

also tend to be short-lived, with few males ex -

ceed ing 9 yrs of age (O’Gara 2004a). Rapid phys -

i cal growth, early sex ual ma tu rity, mul ti ple

mat ing strat e gies (O’Gara 2004b), and short life

span all re flect se lec tion for phys i cal and be hav -

ioral at trib utes that con trib ute to suc cess ful

com pe ti tion for mates at an early age and in -

creased life time re pro duc tive suc cess (Clutton-

-Brock 1988).

Dis cus sion

Both male and fe male prong horns ex hibit

rapid growth and mat u ra tion (O’Gara 2004a).

Young of the year reach ap prox i mately 65% of

adult size at 5 months, and males and fe males

at tain adult body size and mass by 18–24 months

(Byers 1997). Fe males rarely breed as young as

5 months, and usu ally at 18 months, whereas

males at tain adult tes tes size and can breed at

18 months (O’Gara 2004d). 

We pro pose that such precocial growth in

prong horns evolved in re sponse to fre quent

weather-re lated mor tal ity that tar gets older

males. Life his tory the ory pre dicts that mor tal ity

bi ased to ward older age classes se lects for early

mat u ra tion and re pro duc tion at youn ger ages

(Charlesworth 1994). O’Gara (2004c) sum -

ma rized > 10 stud ies doc u ment ing ex ten sive

prong horn mor tal ity (35–80%) in var i ous ar eas

across the spe cies’ range. Weather-in duced

mor tal ity fre quently oc curs (as of ten as ev ery

5–10 yrs) due to sum mer droughts or heavy

win ter snow fall, and older males and young

an i mals ex hibit higher mor tal ity rates dur ing

these weather-re lated events (Byers 1997, O’Gara

2004c, Byers et al. 2006). Pe ri odic star va tion is

com mon in un gu late pop u la tions, but fre quent

mass mor tal ity is rare (Clutton-Brock and

Pem ber ton 2003). Rapid mat u ra tion al lows

prong horns that sur vive fre quent ep i sodes of

ex ten sive weather-re lated mor tal ity to suc ces-

s fully com pete for mates and breed at early ages, 

which in turn al lows for rapid pop u la tion growth 

and re cov ery. 

Bovid spe cies in hab it ing sto chas tic en vi ron -

ments should dis play sim i lar pat terns as prong -

horns, whereas spe cies oc cu py ing more pre dict -

able hab i tats should ex hibit lon ger mat u ra tion
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times. Saiga (Saiga tatarica Linnaeus, 1766) and

Soay sheep (Ovis aries Linnaeus, 1758) in habit

harsh, sto chas tic en vi ron ments, ex pe ri ence

sim i lar fre quent mor tal ity events, and show

sim i lar life his tory re sponses as prong horns,

in clud ing mor tal ity bi ased to wards older males,

precocial mat u ra tion of young, and at tain ment

of adult horn size at early ages (Bekenov et al.

1998, Clutton-Brock and Pem ber ton 2003). Many

moun tain sheep and goats, on the other hand,

in habit more sta ble en vi ron ments and con tinue

to grow af ter sex ual ma tu rity, with horns in -

creas ing in size through out their lives (Geist

1971, Schaller 1977). Early mat u ra tion al lows

ad just ment to chang ing de mo graphic and en -

vi ron men tal con di tions, thus con trib ut ing to

suc cess ful re pro duc tion.

We sug gest sev eral ex per i ments to fur ther

test age and mat u ra tion re la tion ships in prong -

horns: (1) Col lect true ran dom sam ples for mea -

sure ments. Doc u ment in di vid ual (ie size, mass,

horn size) and pop u la tion char ac ter is tics (ie

den si ties, sex and age ra tios) to de ter mine if pre -

dic tions are met for a given set of con di tions; (2)

Mon i tor male horn size over mul ti ple years in

one or more ar eas to de ter mine if horn size

changes pre dict ably with chang ing en vi ron men -

tal or so cial con di tions; (3) Sup ple ment prong -

horn nu tri tion to de ter mine if male horn size

in creases with im proved nu tri tion; (4) Sup ple -

ment fe male prong horn nu tri tion to de ter mine if 

ne o nate size in creases with im proved nu tri tion

and if larger ne o nates grow larger as adults; (5)

Quan tify en er getic costs of horn growth us ing

cap tive prong horns; (6) Ex per i men tally ma nip u -

late horn size to de ter mine if dom i nance or

mating suc cess changes ac cord ingly, and (7) Mea -

sure growth and fit ness in male prong horns oc -

cu py ing hab i tats with greater and lesser de grees

of stochasticity to test the pre dic tion that more

sto chas tic en vi ron ments fa vor early mat u ra tion.

We agree with Gavin (1991) that un der stand - 

ing why an i mals be have as they do pro vides

vi tal in sights into pop u la tion dy nam ics and

pro cesses. Ex am in ing horn growth in re la tion to

other eco log i cal and be hav ioral char ac ter is tics

pro motes a fuller un der stand ing of the bi ol ogy,

ecol ogy, be hav ior and evo lu tion of this unique

spe cies.
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